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Salts
 
are ionic
 
solids
 
which
 
give
 
aqueous
 
solutions
 able
 
to
 
conduct
 
electricity
EC = f([salts])
H2
 
O
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When
 
salts
 
are in excess
 
in the
 
soil
 
the
 
ability
 
of
 plants
 
to
 
take
 
water
 
decreases, which
 
leads
 
to
 
loss
 
of
 agricultural
 
productivity
 
and
 
eventually
 
desertification
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Soil
 
sodification
 
and
 
alkalinization, though
 
different
 processes, are related
 
to
 
soil
 
salinity
 
and
 
also
 
lead
 
to
 loss
 
of
 
agricultural
 
productivity
 
and
 
desertification
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Assessment
 
of
 
soil
 
salinity, sodicity
 
and
 
alkalinity
 through
 
the
 
following
 
properties
 
of
 
the
 
soil
 
solution:
•
 
Salinity: electrical
 
conductivity
 
(EC)
•
 
Sodicity: sodium
 
adsorption
 
ratio (SAR)
•
 
Alkalinity: pH
Use of
 
models
 
for
 
soil
 
salinity
 
appraisal
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Use of
 
models
 
for
 
soil
 
salinity
 
appraisal
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Models
 
for
 
soil
 
salinity
 
prediction
 
and
 
management
WATSUIT 
(Rhoades, 
1972)
UNSATCHEM 
(Suarez
 
& 
Simunek, 
1997)
BUDGET
SALTMODIMAGE SWAP LEACHM
SALSODIMAR 
(Pla, 1996)
SALTMED 
(Ragab, 
2002)
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Why
 
SALTIRSOIL?
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Why
 
SALTIRSOIL?
•
 
SALTIRSOIL uses affordable
 
data of
 irrigation
 
water
 
composition
 
and
 management, climate, soil
 
and
 
crop.
•
 
SALTIRSOIL has an
 
easy-to-use 
graphical
 
user
 
interface
 
(GUI).
•
 
SALTIRSOIL is
 
batch-run, which
 
eases
 the
 
execution
 
of
 
sensibility
 
analysis.
•
 
SALTIRSOIL reads
 
the
 
input
 
and
 
writes
 the
 
output in a spreadsheet
 
workbook.
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Why
 
a GSA of
 
SALTIRSOIL?
•
 
Sensitivity
 
analyses
 
of
 
soil
 
models
 
are seldom
 reported
 
in the
 
literature.
•
 
To
 
our
 
knowledge
 
it
 
has been
 
applied
 
to
 
soil
 organic
 
decomposition
 
(Xenakis
 
et al, 2008), and
 soil
 
hydrology
 
(Rocha et al, 2006) and
 
erosion
 models
 
(Weill
 
and
 
Sparovek, 2008), but
 
not
 
to
 
a 
soil
 
salinity
 
model.
•
 
Sensitivity
 
analysis
 
is
 
an
 
important
 
practice
 
in 
order
 
to
 
gain
 
insight
 
into
 
complex
 
model
 functioning
 
and, providing
 
they
 
are validated, into
 the
 
system
 
itself.
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Objectives
•
 
The aim of this work is to present the preliminary global 
sensitivity analysis (GSA) carried out to find what input 
variables are more influential on SALTIRSOIL main 
outputs, i.e. ECse
 
, SARse
 
and pHsp
 
.
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Most
 
important
 
soil
 
salinization
 
factors
 
and
 
how they
 are included
 
in SALTIRSOIL
SOIL
IRRIGATION
CLIMATE
CROP
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Most
 
important
 
soil
 
salinization
 
factors
 
and
 
how they
 are included
 
in SALTIRSOIL
IRRIGATION
CLIMATE
•
 
Rainfall
 
/ mm
 
year-1
•
 
Reference
 
evapotranspiration
 
(ET0
 
) / mm
 
year-1
•
 
Frequency
 
of
 
rainfall
 
/ day
 
year-1
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Most
 
important
 
soil
 
salinization
 
factors
 
and
 
how they
 are included
 
in SALTIRSOIL
SOIL
•
 
Clay
 
/ g (100g)-1
•
 
Sand
 
/ g (100g)-1
•
 
Stone
 
content
 
/ g (100g)-1
•
 
Calcium
 
carbonate equivalent
 
(CCE) / g (100g)-1
•
 
Soil
 
organic
 
matter
 
(SOM) / g (100g)-1
•
 
Gypsum
 
content
 
/ g (100g)-1
•
 
pCO2
 
/ atm
•
 
Soil
 
depth
 
/ cm
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Most
 
important
 
soil
 
salinization
 
factors
 
and
 
how they
 are included
 
in SALTIRSOIL
CROP
•
 
Crop
 
coefficient
 
(Kc
 
= ETc
 
/ ET0
 
)
•
 
Percentage
 
of
 
shaded
 
soil
 
(%)
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Most
 
important
 
soil
 
salinization
 
factors
 
and
 
how they
 are included
 
in SALTIRSOIL
IRRIGATION
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•
 
Irrigation
 
water
 
amount
 
/ mm
 
year-1
•
 
Frequency
 
of
 
irrigation
 
/ day
 
year-1
•
 
Percentage
 
of
 
wetted
 
soil
 
(%)
•
 
Electrical
 
conductivity
 
(ECiw
 
) / dS
 
m-1
•
 
Sodium
 
adsorption
 
ratio (SARiw
 
) / (mmol
 
L-1)1/2
•
 
pHiw
SALTIRSOIL sensitivity
 
analysis
 
scheme
Monte Carlo
 
experiment 19 variables
250 simulations
2.2 s / simulation
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Type Variable Mean Std. Dev. Maximum Minimum
Climate Rainfall
 
/ mm
 
year-1 450 120 719 88
ET0
 
/ mm
 
year-1 1200 150 1537 780
Freq. Rainfall
 
/ day
 
year-1 70 20 121 18
Soil Clay
 
/ g (100g)-1 36 11 70 0
Sand
 
/ g (100g)-1 25 7 42 6
Stone
 
content
 
/ g (100g)-1 15 5 28 3
CCE / g (100g)-1 50 12 85 18
SOM / g (100g)-1 2.0 0.8 4.5 0.2
Gypsum
 
/ g (100g)-1 0.4 0.15 0.76 0.01
Log pCO2 -3.00 0.20 -2.42 -3.57
Soil
 
depth
 
/ cm 100 10 130 70
Crop Crop
 
coefficient
 
(Kc) 0.8 0.2 1.25 0.19
Shaded
 
soil
 
(%) 74 9 100 50
Irrigation Irrigation
 
/ mm
 
year-1 700 100 1001 443
Freq. Irrigation
 
/ day
 
year-1 40 10 71 10
Wetted
 
soil
 
(%) 70 9 98 44
ECiw
 
/ dS
 
m-1 4.0 0.74 6.1 2.1
SARiw
 
/ (mmol
 
L-1)1/2 6.6 2.3 11.5 0.8
pHiw 7.76 0.31 8.63 6.83
Characteristics
 
of
 
the
 
variables included
 
in the
 sensitivity
 
analysis
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Mean and
 
standard
 
deviations
 
for
 
climate
 
variables were
 obtained
 
from
 
data of
 
54 agricultural
 
weather
 
stations
 scattered
 
along
 
Valencian
 
Region
 
in Mediterranean
 
Spain
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Shaded
 
soil
 
(%) 74 9 100 50
Irrigation Irrigation
 
/ mm
 
year-1 700 100 1001 443
Freq. Irrigation
 
/ day
 
year-1 40 10 71 10
Wetted
 
soil
 
(%) 70 9 98 44
ECiw
 
/ dS
 
m-1 4.0 0.74 6.1 2.1
SARiw
 
/ (mmol
 
L-1)1/2 6.6 2.3 11.5 0.8
pHiw 7.76 0.31 8.63 6.83
Characteristics
 
of
 
the
 
variables included
 
in the
 sensitivity
 
analysis
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Mean and
 
standard
 
deviations
 
for
 
soil
 
variables were
 obtained
 
from
 
soils
 
sampled
 
within
 
Valencian
 
Region
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Characteristics
 
of
 
the
 
variables included
 
in the
 sensitivity
 
analysis
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Mean and
 
standard
 
deviation
 
for
 
the
 
crop
 
coefficient
 was
 
based
 
on
 
data featuring
 
Valencian
 
major
 
crops: 
citrus
 
(60%) and
 
vegetables
 
(20%) 
0,0
0,2
0,4
0,6
0,8
1,0
1,2
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
month
K
c
b
Citrus Date palm Melon-potato
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 sensitivity
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•
 
ECse
 
= a0
 
+ a1
 
R + a2
 
ET0
 
+ …
 
+ a17
 
ECiw
 
; R2
 
= 0.80
•
 
SARse
 
= b0
 
+ b1
 
R + b2
 
ET0
 
+ …
 
+ b17
 
SARiw
 
; R2
 
= 0.87
•
 
pHsp
 
= c0
 
+ c1
 
R + c2
 
ET0
 
+ …
 
+ c17
 
pHiw
 
; R2
 
= 0.94
GSA of
 
SALTIRSOIL
 
F. Visconti et al.
Linear regression
 
models
 
were
 
developed
 
for
 
ECse
 
, 
SARse
 
and
 
pHps
 
on
 
basis
 
the
 
input
 
variables
Percentages
 
of
 
variance
 
explained
 
for
 
soil
 
saturation
 extract
 
electrical
 
conductivity
 
(ECse
 
)
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Electrical
 
conductivity
 
in the
 
soil
 
(ECse
 
) vs
 
electrical
 conductivity
 
in the
 
irrigation
 
water
 
(ECiw
 
)
1:
1
0
2
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8
10
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14
16
18
0 2 4 6 8 10 12 14 16 18
ECiw / dS m-1
E
C
s
e
 
/
 
d
S
 
m
-
1
Percentages
 
of
 
variance
 
explained
 
for
 
soil
 
saturation
 extract
 
sodium
 
adsorption
 
ratio (SARse
 
)
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Sodium
 
adsorption
 
ratio in the
 
soil
 
(SARse
 
) vs
 
sodium
 adsorption
 
ratio in the
 
irrigation
 
water
 
(SARiw
 
)
1:
1
0
2
4
6
8
10
12
14
16
0 2 4 6 8 10 12 14 16
SARiw / (mmol L-1)1/2
S
A
R
s
e
 
/
 
(
m
m
o
l
 
L
-
1
)
1
/
2
Percentages
 
of
 
variance
 
explained
 
for
 
soil
 
saturated
 paste pH
 
(pHsp
 
)
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pH
 
in the
 
soil
 
(pHsp
 
) vs
 
pH
 
in the
 
irrigation
 
water
 
(pHiw
 
)
1:
1
6.5
7.0
7.5
8.0
8.5
9.0
6.5 7.0 7.5 8.0 8.5 9.0
pHiw
p
H
s
p
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pH
 
in the
 
soil
 
(pHsp
 
) vs
 
soil
 
CO2
 
(log
 
pCO2sp
 
)
6.5
7.0
7.5
8.0
8.5
9.0
-4.0-3.5-3.0-2.5-2.0
log pCO2
p
H
s
p
 
Conclusions
The
 
most
 
important
 
variable(s) on…
•
 
…soil
 
salinity
 
(ECse
 
) are the
 
climate
 
variables: rainfall
 
and
 reference
 
evapotranspiration, then
 
the
 
electrical
 
conductivity
 
of
 the
 
irrigation
 
water, next
 
crop, and
 
finally
 
soil
 
and
 
irrigation
 water
 
amount.
•
 
…soil
 
sodicity
 
(SARse
 
) is
 
the
 
sodicity
 
of
 
the
 
irrigation
 
water, 
then
 
climate
 
variables: rainfall
 
and
 
reference
 evapotranspiration, next
 
the
 
crop
 
coefficient
 
and
 
last
 
and
 
less
 relevant
 
than
 
before, soil
 
and
 
irrigation
 
water
 
amount.  
•
 
… soil alkalinity (pHsp
 
) is
 
overwhelmingly
 
the
 
soil
 
pCO2
 
, then
 rainfall
 
and
 
evapotranspiration
 
variables: crop
 
and
 
reference
 evapotranspiration
 
are the
 
other
 
variables which
 
explain
 
a 
significant part of pHsp
 
variance. 
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Conclusions
•
 
According
 
to
 
the
 
preliminary
 
GSA of
 
SALTIRSOIL, this
 
can be 
regarded
 
as a linear and
 
monotonic
 
model
 
on
 
its
 
input
 
variables. 
The relative importance of the input variables on the outputs
 ECse
 
, SARse
 
and
 
pHsp
 
can be calculated
 
on
 
basis
 
linear regression
 analyses.
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